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INTRODUCTION
The rocks that overlie the Pitkin Limestone of Late Mississippian age hi the Snowball quadrangle, Newton and Searcy Counties, Ark. (figs. 1,2, 3), constitute three mappable units. The lowermost unit is as much as 320 feet thick in the quadrangle and contains fossils of latest Mississippian age hi its lower 100 feet. Because of its mappability in the Snowball quadrangle ( fig. 3 ), this unit is herein designated as the Cane Hill Formation (Pennsylvanian and Mississippian in age) rather than as the Cane Hill Member of the Hale Formation (Early Pennsylvanian in age in northwestern Arkansas), with which it is homotaxial. Gordon (1964* p. 34) gave a new name, Imo Formation, to this unit in a report which was transmitted to the printer just prior to the decision to use the name Cane Hill Formation for this unit. Thus, Imo Formation is abandoned. The middle unit of the post-Pitkin sequence in the Snowball quadrangle, the subject of this report, is here designated the Witts Springs Formation. It is stratigraphically equivalent to the Prairie Grove Member of the Hale Formation and to the overlying Bloyd Shale of northwestern Arkansas. The new name is applied in the Snowball quadrangle because the Prairie Grove and Bloyd were not found to be individually mappable throughout the quadrangle. The Witts Springs is underlain by the Cane Hill Formation and overlain by the uppermost unit, the Atoka Formation. 
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T. 14 N. silty, fine-grained to very coarse grained; contains white quartz granules and pebbles; crinoid, gastropod, and pelecypod remains____________:___________ 5. 5 13. Sandstone, medium-to thick-bedded, medium-gray, limy, silty, fine:grained to very coarse grained ; contains trace of white quartz granules and pebbles in upper half; crinoid stems_ 5. 7 12. Sandstone, thin-to medium-bedded, grayish-brown, ironstained, very limy, silty, fine-to medium-grained; partings and thin lenses of shale___:___________________ 5. 0 11. Sandstone, thin-to medium-bedded, grayish-brown, ironstained, very limy, silty, medium-grained; shale pebbles and white quartz granules and pebbles (more abundant in the lower 2 ft) ; crinoid stems_________________ 5. 0 10. Shale, dark-gray; interbedded with platy to very thin bedded medium-dark-gray sandy (very fine grains) micaceous siltstone ___.____________________________ 2. 0 9. Shale, dark-gray ; medium-dark-gray siltstone laminae___ 11. 8 8. Covered interval__________________________ 2. 5 7. Sandstone, single bed, medium-gray, limy, pyritic, mediumgrained ; shale pebbles; crinoid and pelecypod casts_____ 0. 5 6. Shale, dark-gray____________________________ 0. 5 5. Sandstone, very thin to thin-bedded, medium-gray, limy, pyritic, medium-grained; shale pebbles; pelecypods_ _ 0. 7 4. Shale, dark-gray___ _ _________ 0. 5 3. Sandstone, very thin to thin-bedded; limy, silty, fine-to medium-grained ; shale partings; crinoid stems and brachiopods_______ 2.4 2. Sandstone, platy to very thin bedded, medium-gray, silty, fineto medium-grained; lenticular beds of dark-gray shale as much as 6 in. thick_____________________ ___ 
REFERENCE SECTION
The upper two-thirds of the Witts Springs Formation for the most part is well exposed in a section 1.2 miles southwest of the type section ( fig. 4) . Here designated the reference section, it is in the easternmost headwater 'branch of a tributary to Eichland Creek near the center of the Ey2 sec. 11, T. 13 N., K. 18 W. The base of the section is at the mouth of the westernmost of two small southward-flowing tributaries to the branch. Most of the section was measured and sampled in the easternmost tributary, although poorly exposed intervals were measured and sampled in the valley of the westernmost tributary. The top of the section is in the easternmost tributary, west of a white church on the west side of the road from Witts Springs to Magic Springs. 11. Sandstone, thin-to medium-bedded, medium-gray to mediumdark-gray, silty, very limy, fine-to medium-grained; darkgray shale beds; crinoid stems 4.4
Reference section
10. Sandstone, thin-bedded, brownish-gray, iron-stained, silty, very limy, fine-to medium-grained; dark-gray shale beds and shale pebbles; crinoid stems and gastropods_________ 4.0 9. Sandstone, thin-bedded (lower foot) to massive, medium-gray to grayish-brown, iron-stained, limy, fine-to mediumgrained; crinoid stems-_ 5.0 8. Sandstone, massive, cross-laminated, medium-gray, weathered to grayish brown, silty, very limy, fine-to medium-grained; plant impressions, crinoid stems, and brachiopods ___ 4. 0 7. Sandstone, thick-bedded, cross-laminated, medium-gray, silty, very limy, fine-to medium-grained; crinoid stems, cephalopods (goniatites), and gastropods _ 2.0 6. Sandstone, thick-bedded, slightly cross-laminated, mediumlight-gray, silty, very limy, fine-to medium-grained; cephalopods (goniatites) and gastropods 2.0
WITTS SPRINGS FORMATION, NORTH-CENTRAL ARKANSAS Dll
Pennsylvania!! Continued Witts Springs Formation Continued 5. Sandstone, massive, cross-laminated, grayish^brown, ironstained, silty, very limy, fine-to medium-grained; crinoid stems ___________________________ _____ 4.4 4. Sandstone, massive, cross-laminated, brownish-gray, ironstained, silty, very limy, fine-to medium-grained (scattered coarse grains) ; crinoid stems_____________ 4.3 3. Shale, siltstone, and sandstone, interbedded; dark-gray silty shale, platy to very thin bedded medium-to dark-gray micaceous siltstone, and platy to thin-bedded olive-gray silty glauconitic very fine to fine-grained sandstone 7. 5 2. Sandstone, very thin to thin-bedded, grayish-brown, ironstained, silty, fine-to medium-grained; shale fragments_ 1. 0 1. Sandstone, thin-to thick-bedded, cross-laminated, grayishbrown, iron-stained, silty, limy, glauconitic (in part), fineto medium-grained; shale fragments and plant impressions 10. 5
Thickness (rounded), Witts Springs Formation_______ 193.0
The base of the Witts Springs Formation crops out to the west about half a mile downstream.
GENERAL FEATURES AND STRATIGRAPHIC RELATIONS
The Witts Springs Formation unconf ormably overlies the Cane Hill Formation or, where the Cane Hill is absent, the Pitkin Limestone; it is unconf ormably overlain by the Atoka Formation. The thickness of the Witts Springs ranges from less than 300 feet in the northern part of the Snowball quadrangle to nearly 600 feet in the southwestern part. Both the upper and lower boundaries are easily mappable, as each generally is at the base of a massive sandstone unit that has a sharp contact with a shale unit below.
The sandstone unit at the base of the Witts Springs Formation is fine to coarse grained and is conglomeratic in the lower part, commonly containing quartz granules and pebbles. That unit rests on the shale of the Cane Hill Formation except in the valley of upper Richland Creek in the southwestern part of the quadrangle where the Cane Hill is cut out locally and the Witts Springs rests on the Pitkin Limestone.
In the general area of deepest post-Cane Hill channeling, at least the lower 100 feet of the Witts Springs Formation is a distinct channel-fill deposit consisting of quartz-pebble conglomerate overlain by either massive sandstone, poorly sorted and irregularly bedded sandstone, or shale. Apparently the valley system was drowned shortly after Witts Springs deposition began, because the coarse sand and conglomerate in the deepest parts of the channels is extensive; but the overlying channel-fill sandstone units grade southward, and D12 CONTRIBUTIONS TO STRATIGRAPHY perhaps westward, into a silty shale f acies of the channel-fill deposit. All facies of the channel-fill are conformably overlain by an apparently normal section of the middle and upper parts of the Witts Springs.
As is indicated by figure 6 , the channeling is deepest in the southwestern part of the Snowball quadrangle, but it is not restricted to that area. The type section of the Witts Springs is high on the flank of a post-Cane Hill topographic high, but it contains a lower sandstone unit about 12 feet thick and an overlying shale unit about 15 feet thick that are interpreted as the upper part of the channel-fill deposit. The lower sandstone unit tends to thicken where the underlying Oane Hill thins more abruptly than is normal by northwestward regional thinning. The lower sandstone unit of the Witts Springs averages about 50 feet in thickness in the central and northern parts of the quadrangle where it is overlain by a 15-foot-thick shale unit equivalent to the one at the type section.
On the basis of work either completed or in progress in adjacent areas, it seems that the lower sandstone unit and the overlying shale unit are typical in this quadrangle but are largely atypical and absent in most other areas of northwestern Arkansa's. They were probably deposited in a local topographically low area that sloped gradually toward the channels in the southwestern part of the quadrangle.
The main part of the Witts Springs Formation about the upper 250 feet is a sequence of dark-gray silty to nonsilty shale and fineto medium-grained massive limy sandstone that grades into lenses of sandy limestone. This sequence forms a slope of about 30° up to the base of the Atoka Formation. Both the sandstone and limestone are cross-laminated locally and commonly contain scattered granules and pebbles of quartz and fragments of marine fossils. The thicker sandstone and shale units are mappable locally but probably not regionally. The conformable contact of the stratigraphic equivalents of the Hale Formation and the overlying Bloyd Shale probably is in the lower half of this sequence (perhaps at about the top of unit 23 of the type section), but it was not found to be satisfactorily mappable in the Snowball quadrangle.
The massive coarse-grained basal sandstone of the Atoka Formation rests on the truncated but relatively even surface of the Witts Springs Formation. The upper 30-50 feet of the Witts Springs in much of the Snowball quadrangle is dark-gray shale that is poorly exposed in most areas of outcrops. Beds as young as the Kessler Limestone Member of the Bloyd Shale may be present in the Snowball quadrangle, but they have not been definitely recognized. Probably progressively younger beds of the formation are present to the south and east in and beyond the quadrangle; but, as the truncation is gradual and subtle, the younger beds will be recognized only through regional paleontological studies or through the detailed mapping of key beds.
FOSSILS AND AGE
The cephalopods constitute the only component of the invertebrate fauna of the Witts Springs Formation that has been studied in as much detail as such fauna of the Cane Hill Formation. The more
